Quorum sensing signals are referred to as acylated homoserine lactones (AHL) that are mainly found in Gram-negative bacteria. It implies the ability of certain bacteria of producing different AHL molecules. The bacteria Pseudomonas aureofaciens and Xenorhabdus nematophila were cultured in Luria-Bertani (LB 10 ) media and CV026 was used as a reporter strain to detect the presence of AHLs produced by the cultured bacteria. In this study, the reporter strain has revealed the quorum sensing ability of P. aureofaciens and X. nematophila by producing the purple pigment violacein in the supply of external AHLs molecules. Thin layer chromatography (TLC) bioassay having four controls was conducted to detect specific AHL molecule supplied by P. aureofaciens and X. nematophila. The specific AHL molecule was observed to be migrated according to their polarity on the TLC plate.
Introduction
Communication between bacterial species is done by some diffusible chemical signals, which help them in behavior and function in a group of bacterial population. Bacteria can control and regulate their gene expression by a signaling system from one cell to another cell (Reading and Sperandio, 2006) . Quorum sensing is a process by which bacteria regulate the gene expression in response to the variation in cell density in a population (Miller and Bassler, 2001; Fuqua et al., 1994) . It is reported in a diverse bacterial population and it mainly enables the communication channel. Many types of signaling molecules have been described in bacteria. The most common signaling molecules found in Gram-negative bacteria are acylated homoserine lactones (AHLs), OHHL (N-3-(oxohexanoyl)-L-homoserine lactone) and OHL (N-octanoyl-l-homoserine lactone). Modulation of the physiological processes controlled by AHLs occurs according to cell density and growth phase (Whitehead et al., 2001) . AHLs molecules spread out of the cell both into the media and cells that bring equilibrium between the intra and extracellular space (Viana et al., 2009; Steindler and Venturi, 2007) . The intercellular level of AHLs increases according to the increase of bacterial cell density until the threshold concentration. In this situation, the AHLs facilitate the induction of quorum sensing genes (Viana et al., 2009) .
Quorum sensing is generally found in both Gramnegative bacteria and Gram-positive bacteria (Gram et al., 2002) . It is suggested that AHLs were first observed in Vibrio fischeri, a bioluminiscent bacterium (Bassler et al., 1993) , which shows the LuxI-LuxR system of quorum sensing. LuxI gene produces a diffusible signal molecule that increases as the cell density increases. After the discovery of AHL-mediated quorum sensing in V. fischeri, similar systems involving LuxI and LuxR regulatory proteins have been identified in a wide range of Gram-negative bacteria (Barnard and Salmond, 2005) . Reporter gene found in Chromobacterium violaceum produces violacein (purple pigment) that has antibiotic feature against some organisms. Veselova et al. (2003) noticed that violacein is controlled by quorum sensing molecule HHL (N-hexanoyl-L-homoserine lactone). C. violaceum 026 (CV026) is a strain that is unable to produce HHL and violacein. But it retains the ability to produce in the presence of external AHLs, which will be determined by the change of color from white to purple in colony. Thin-layer chromatography (TLC) is a technique to separate the signal molecules to determine how many different AHLs are present in tested bacterial samples.
In this study, two Gram-negative bacterial species were used namely, P. aureofaciens and X. nematophila. P. aureofaciens is a free-living bacterium, commonly found in soil and water in addition to the surfaces of plants and animals. X. nematophila is a rod-shaped, Gram-negative facultative anaerobic bacterium that lives as a symbiont with nematodes. The aim of this study was to detect and separate P. aureofaciens for 8 and 10 hours and X. nematophila for 8 hours were taken for TLC plates.
Inspection of TLC plate
TLC is a technique to separate the signal molecules to determine how many different AHLs a particular sample contains. The TLC plates were observed for the production of violacein zone that used in the agar-plate based bioassay.
Results and discussion
Value of optical density was taken from P. aureofacience and X. nematophila for each 2 hours interval up to 10 hours (Fig. 1) . The violacein zone produced by bacteria at different time was also measured. It was revealed that CV026 produced violacein in the presence of AHLs molecules from both P. aureofacience and X. nematophila. AHL production using violacein was also found in several strains of enterobacteriaceae isolated from food (Ravn et al., 2001) . Two samples of P. aureofaciens and one sample of X. nematophila were selected for TLC for determining the AHLs molecules down the track (Fig. 2) . It was evident that the optical density of the P. aureofaciens and X nematophila increased with time from 0-8 hours, but it suddenly decreased a bit after 10 hours (Fig. 1) . CV026 is deficient in the production of AHLs as well as violacein, which was found to produce violacein again in the external supply of AHLs later on. Purple pigment (violacein) resulting 31mm and 38 mm in diameter for 8 and 10 hours respectively, was noticed after applying the AHLs produced from P. aureofaciens to the reporter strain (Fig.  1) . In case of X. nematophila, violacein zone was found to be 36 mm and 34 mm in diameter extracted from the 8 th and 10 th hours samples, respectively. It must be noted that the bacterial population was at threshold stage denoted by a high optical density (OD) value at 8 th and 10 th hour (Fig.  1) . It is suggested that quorum sensing signals are produced at this threshold stage.
Thin-layer chromatography data demonstrated that the P. aureofaciens was corresponded to a AHLs molecule having smaller molecular weight (high polarity) and as a result it travelled a long way on TLC plate (Fig. 2) . In all four controls, AHLs having same concentration showed variation of results and it was due to the reason of producing violacein by reporter strain with the supply of specific AHL molecule supplied by P. aureofaciens and X. nematophila. Detection of AHLs by thin layer chromatography with the A. tumefaciens (pZLR4) strain used as a biosensor was reported by several workers (García-Aljaro et al., 2008; Kawaguchi et al., 2008) . It can thus be concluded that AHLs molecules were produced by the two tested bacteria (P. aureofaciens and X. nematophila) since CV026 can only produce violecein in the presence of external supquorum sensing signals (AHLs) by agar-plate based bioassay.
Materials and methods
Media and culture preparation P. aureofacience, X. nematophila and C. violaceum 026 were cultured in one liter of Luria-Bertani (LB 10 ) media supplemented with 10g bacto-tryptone, 5g yeast extract and 10g NaCl at pH 7.0 and then immediately sterilized by autoclaving. Other materials such as tips, Schott bottles and tubes were also autoclaved. P. aureofacience and X. nematophila were grown on LB 10 media and AHLs were extracted using ethyl acetate after two hours interval. The reporter strain CV026 was then used to detect the presence of the AHLs.
Preparation of samples and extraction of supernatant
The bacteria used in this study were centrifuged at 8000 rpm for 8 minutes and supernatant with AHL was then removed. The bacteria were then transferred to two Schott bottles containing additional media (50 ml) which was placed in a shaker spinning at 200 rpm. In every two hours interval, 1 ml of sample was taken from the Schott bottles and the optical density was measured in a spectrophotometer. The samples were diluted by 10 fold dilution, if the OD value was found 2. Subsequently, ethyl acetate was used for AHLs extraction and the samples were transferred into small glass vial and were allowed to evaporate.
Culture of reporter strain and preparation of media
The reporter bacterial strain CV026 was cultured in LB 10 broth media containing kanamycin (25 µg/ml) and was kept for incubation over night on a shaker spinning at 200 rpm at 28 o C. Sterile media and agar plates were prepared and kept at 45 o C.
Agar-plate based biossay
Agar-plate based bioassay was conducted using the reporter strain and the test strain or extract was spotted on top of the agar. After incubation, the surroundings of the spots were screened for the presence of the reporter violacein.
Inspection of agar plates and preparation of TLC plates
The AHLs molecules were separated using the thinlayer chromatography, where molecules were separated based on their polarity. Violacein production leading to dark purple pigmentation by the reporter strain was inspected and diameter of spots was measured. Samples from ply of AHLs molecules. The versatility of CV026 in facilitating the detection of AHL has also been previously reported (McClean et al., 1997) . It can also be revealed from this study that the two bacteria have the quorum sensing activities since CV026 found to be positive for AHLs molecules. 
Conclusions
Isolating AHLs from Gram-negative bacteria and to detect these quorum sensing molecules by agar-plate based bioassay using a reporter strain is a crucial issue. It was observed that AHLs molecules were produced by both P. aureofaciens and X. nematophila in TLC plates. It pinpoints the activity of CV026 as a reporter strain to detect quorum sensing molecules. TLC proved to be an efficient method for detecting quorum sensing molecules in P. aureofacience.
